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mmm 

m&m i ] ^fiits-offliiif&tts#*ttss©-^©±i±ic, 

Sl>fc<fc%», l*JK±<BpMft*4HMWf fc, Al a I n b Ga L _ a _ b N 
(0£a£l, O^bSl, a + bgl) *^^#Pli:A 1 c I n d G a 1 
_ c _ d N (O^c^l, O^d^l, c + d^l) *?)«S»IIi:S'>«!< 

±SH p M^-ffc^¥##:JStf>_t:{c 1 »Jet±©^M»*^^S» 1 (DmttM 

o 

fi^I i:« 2 ©ftfi^I S t b, g^ittcte, Sf£i&r«g2(J!>#iijgf8:Ji& 

[ft #£4 ] ±Sa#^«2fctf»Mtf, *tl*Mx, A 1 a I n b G a j _ 
a _ b N (0< a ^ 1 , 0< b ^ 1 , a + b< 1 ) Al c In d G ai _ c 
_ d N (0< c ^ K O^d^l, c + d<l) £T*&V* ^0_tfHn§tf^b#f 
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Mf#*5] ±tRtem&J&&m3&R<D--fi<D3ZWiZ&LT* Ga Al, 
_ e N (0<e^l) fr6«6;<-y77lJ:, 7>K-^©GaNMnM 

o 

M^Mfcto¥##*©±K:jia*s*u 4>fc<£%, Ai a in b G ai _ 

_ b N (0<aSl, 0<bSl, a + b<l)^e./«5#FltAl In, 

c a 

Ga l-c-d N (0<cSl, OSd^l, c + d<l) tS: 
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en 1 1 j ±mv> p mmtm*mfam&. a i f g a x _ f n (o< 

f < 1) frb/SS p§?=2># ? hjfSr^f 51*^1 0 ££&1 lfB«<Z)^fc© 

P«^£l^LT7M£tl£A 1 g G a. 1 _ g N (0<g<0. 0 5) it, 
ffi&MWlZ&l&ZnfcA 1 h G a x _ h N (0<h<0. 1) It*»&!feU, A 

i g G a x _ g Njf{*A i h G a x _ h Njg «k »j p Msfmmmmzmtzm 

[0 0 0 1] 

#3818 «U ft^^^-K*^ (LED) , U— <f (LD)« 

A ^fO«ff^ >f JUCjgV^ ft£^t#>¥^# (In x Al y G a;L _ x 
_ y N, 0^x. 0^y, x + y^l) V^c^fc#>¥##^3£i^CD$^# 

[0 0 0 2] 
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r^7^i§M©m xttm««#*Tf»«. se>jcmist»*h^>s?x* ( 

FET) COi^^m^A-rX^CD/SM^ai^^nTVAS, 
[0 0 0 3] 

o LfctfoT, ^-etiif^r^T, S i C^©IliI©±iCf iil^M 
(MOCVD) 5:fiJMlTG a N &'\<TUX-\i#**/&ffiifi$lM 

$tiT^-5o nicy-? r rmfozm^zm^tevy t j rmfa±iz g o o°c^ 
mst-a i g a n zmmmt iTMt, j e®±{c^i:^4 £ #^js^^$ 

tifeo flfl^iiR l icte, G a X A 1 x _ X N 7tM£ It, -€-tf)_tfc^ft 

HfflfcfclRl] #^2 0 0 2-1 54 9 0 0f^i 
[0 0 0 4] 

[» w l j: e> t -r -5 M] 

[0 0 0 5] 
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[0 0 0 6] 

So 

[0 0 0 7] 

7 7^^1f5 1±{C, GaN;t*;77*5 2, nSGaN3>^ M5 3, 
nlA lGaN^*; KM 5 4 , I nGaNMl5 5, pSAlGaN^7^ 
KI5 6, pSG aN3>^ h«5 7#^Jf£;fu fit, pMGaN=I># 
^ h®5 7®±fCttpS^5 8, rny^^iCj; 'JIffiSitfenMG a N n > # 
* hJl 5 3 C0±(Cttnm^5 9 £ *l T V \ £ „ I n jMifc £ 

[0 0 0 8] 

L7>L&#<b, 2g}£M:R£M<, MAtiG a NCD/iy K^r-V y r7Xfo£> 3 6 5 
nmj;iJtl< b J:e> ttSt, LTt«ffl VMbtiT Vn£ I nGaN© 

^ b < {£ T f £ £ v a c> fm ffi tb Z> o 

[0 0 0 9] 

<D%m*mmirz>z.h u ^ ^izm^mmzts^^x ^^^ytiat! 
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[0 0 10] 

mtm^mW-MH. A1 a In b Ga i-a-b N (O^a^l, O^b^l, 
a + b ^ 1 ) frbf8,Z>#j*m£ A l c In d Ga 1 _ c _ d N (O^c^l, 0 
£d£i, c + d^i) *»e>«*W«Jii:«:^«s<4:%*tf*^#^*3SS:*'t 

1^8SUitt£^U ±fBpSSft;#MM*#Ji<Z>-LiC 1 JiJSJLt 
£^mtt««tf>-#<Z)£®i:{C 1 JfJ£iLt©&«Jifr 2 

[0011] 

*»W©«3fi35T«SCJ:*itf, (JgtT, ) 

& s 3 i: # rTIB £: * -5 o 
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[0 0 12] 

itm^m&k y &±i*^<dx. mnmm^^mtm^m^mizm < Bmv i^ti 

[0 0 13] 

#«rtB£fcofc. o*y, /£:BUBS«£^t%¥^#M£^Steg«£<D3o(Z) 
^»J»»«»tS:-e^^*iA, B, C£L£££, ta = c>Bj t.b<li r A >c 
>Bj ttS. 

[0014] 

m i: mitm ¥ mfam t. <d m&nm x <d fcttm&m ic m m -t & % © x& y , 
»«Lfe*©aft*^*#Jic*i5*ffi»is*&ofgf»yis*tt, 
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[0 0 15] 
[0 0 16] 

u^s<t6it?, x »*nti & s e> tc<g#-r sit #t? 

[0 0 17] 

#*lv^ marmot, miRTfm2<D&5kmmm<o*ti?ti*mm-*&&Mifi 

[0018] 

*mWlt. JSttI*«Al a In b G ai _ a _ b N (0SaSl,'0gb^l 
, a + b^l) ^^^SSfb^^^tCM-tStxOT?, Al I nGaNf f 

&m&mzmL* 3 s o nmMT&mm&mmizftmizfcm^m&mtm^mft 
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[0 0 19] 

Mmmfo<D-X<D3lWlcmLX, Ga e Al 1 _ e N(0<e^l) frb&LZA 

mn*z> B ~n%*&&2v?izm&m&zm&zi*:x%M&m^mizm<. 

[0 0 2 0] 
[0 0 2 1] 
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M<Z)j|a^i:aa^Rit^:3E'fbS•&Tv^<. fefc^.tfiKMrt*Jf^T> K-^CDG a 
i*&J&*J*£ nl^79 KIi:©IBIlcGaN^P)Ai V G a l - 

MifiS i K-"7<8A 1 y G a 1 _ v NT'fe^|^ iM^I^. T>K~^> 

[0 0 2 2] 
[0 0 2 3] 

[0 0 24] 

mswcDmitm^mtitm^-iz. 3 8 o n m^T©Mt^©^ 

afctt¥##*©J:lc?gj»S*i, '>&<££k Ai a in b G ai _ a _ b N ( 

0< a ^ 1 , 0<b£l, a + b<l) ^&J**#FltA 1 c I n d Ga j _ 
c _ d N (0<c^l, OSdSU c + d<l) ^e>*RS»S«i:S:*'r-6?S 



1 0 
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m&m z frbm&z *u as 1 o&MtM&m tm 2 ®#fi$AM * 1*2 team u 

[0 0 2 5] 

«M*3*?T*tt, ±IH©pMa^^#^Jf Al f Ga 1-f N (0<f<l 
) fr<bf&3 p§?3>^^ hjf f0pS3>^^ hJitcte, #«'ffSM 

tpS^UWK. fro, A 1 ©l H H H if:WN$ < ^si^U^^tSt) 

[0 0 2 6] 

^WOfiftft^aHift*^, #tC3 8 0 nm«T«WiW 

^MttlllMlC^StlfcA 1 g G a : _ g N (0<g<0. 0 5) 
lfflpS3>^ hJS£, *Stt*«»CJ!MfcS*XfcAl h Ga x _ h N (0<h< 

0. 1) frbf&2>m2<z>^y hm mi<n^>*9 bmiz&zn 

L&#*>, pM=I># ? Ml^A l f G a;L _ f N (0< f < 1 ) T*' 

&S&gttfc<, GaNTf%iK rtUipMn^*? Miipii^MtS 

[0 0 2 7] 
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[0 0 2 8] 

itm^^m^> iS'f£Jftf> A l a In b G ai _ a _ b N ( 0 ^ a ^ 1 , 0 ^ 
b^l, a + b^l) friboybO— m%\s<\*±®*®.V&\sTm&Z>WL-gk<D%1s: 

[0 0 2 9] 

*smm*z bizfcwz> 0 *mmt. m^mrnxmyt-r^mm®^ 

[0 0 3 0] 
[|§H^^^©M] 

j^t, mmzmmisT^m&mMcDi&Miz-D^Tmm^&o 

#!fS:m"t«^WT®H , T»feS. 1 ©^MfC, A-y77f3 i;|fMSI 

4 t^e>^STil2 SMtS (01 (a) ) 0 T*6*2J:lCnM*9 
f KI5, ?Sttl6, pl^77KM7, pMn>#^hJS8, f IT, 1M&> 

±<D±mmfrbmzmi nm&ms zmf&irz mi (to ) . ^-t*, »i© 

«S:»*fe«)(0T--;i/«l!3aiS:ff o„ friz, 1 mM±V>i&mmfr*>f&Z>m 2 <D& 
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[0 0 3 1 ] 

mz. mm^mmi o tm&L&m^kmmfai ^mm^izmmh. mnmmm. 
(mi (d) > . 

[0 0 3 2] 

Jf5_L{Cn**Il 2 S^fifc-re— 5Er, 1 0 _htctt p S*gffi A° v -KM 

izmmznt=.ftytm*itmz>z.£tfT*%z> (mi (e) ) 0 

[0 0 3 3] 

*&m<Dj;m\zis^T. m^mmmzte. cm. r®^^a®^^t4xa^^ 

Ii:tSt7r>f-V, (Mg A 1 2 0 4 ©J;e)^ifie^'K*«) , fit 

[0 0 3 4] 

J&R«*«±fcSft*¥#fM^**>**^ T*I±iCELOG ( 
Epitaxially Lateral Overgrowth) J&gS^S £ £ IC J: y ^£1£<Z>l5Lt bfeg-ft 

[0 0 3 5] 
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[0 0 3 6] 

-6 v ^ it m m ps# © /h z v n 2 mix ± <d ±m o & e> wl z> ±mmm & m v ^ z> z. n 

$*>jc, ^M»«iCt±. Ag, Cu, Au, P t ^(Z)?S#«ffi^M^^ 

^^$nfeia^Jt©^«i:, w, mo, cr, n im<DMmm<D&mfr*>m#{ 

faHLTlt. C u -W&£vn£C u -M o (E>^-£-fls£Mv^£ 3 Uv^ ^ 

fc#sptf)^C u £^L£»f£#M*lTV^;fr^T*&.5o ££tc, C u -W<Z>^ 
tifoCDmS, C u(73^^x^O<x^ 3 0114%, C u -Mo (Z^-^OD^-^ 

|»|$£^#>££#> 5 0-5 0 0 /tm*WtLV^ 0 
[0 0 3 7] 

V^ 0 P*fSfCte, Rh, Ag, Ni-Au, Ni -Au-RhOStfRh-I r 
tt, 0. 0 5-0. 5 # mjW-£ L/Vn 0 
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[0 0 3 8] 

<n&mmzBf&-*z>z.£tfft£b\,\ zo&mmvttmizi*. sio 2> ai 2 
o 3 , zro 2 , t i o 2 ^frbmzmmm&2>wt2>mmzm^2>z£tfT'g 

[0 0 3 9] 

U, Atu Sn, Pd, I n|i0^^S G f 1M^2©M 

^M^M^-ittt, Au-Sn, Sn-Pd, Xliln-Pd^ibK 3 P, 

[0 0 4 0] 

. $ 1 1 C^iMIt ptltOOlC, PttMKP&tt* 

ffi't&Ji'Tf&y, Ti, Ni, W&£>*Mo <Z>^1"*i 

• 3 Am;g|g©Jl££(Z)AuBI£^LT^m^ 0 i2 0MIi:ittta 

[0 0 4 1] 

«^ffl«»»^#«ttS«i:S:ilil»JBEg!t-*IK<Z)iaStt, 15 0'C~3 
5 0°c*W*Lva o i 5 or^_hii^S3i:fcj:y, #A^J&JV®£M<z>ffitttf 
{Sit $ ft^-&*aE3>#©£ A#Jg/* $ 4x> h i: <Z)gg« 
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[0 0 4 2] 

ifcjf £ & |$£ L fell, ^ffi L fcgft%¥##:JI<Z>^® sCMPftl btfiffll 
[0 0 4 3] 

fc£B8tcj£#y, #xj±fcj;£j&;RMS«©#J*i&P£ihU 3 *>lc-€-<z>S!|;rucj@ 

[0 0 4 4] 
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[0 0 4 5] 

- A u*-5V*ttW- A 1 -W- P t -Au0#I«iS:iV>53i:^t'tS 1 , n 

mmomzte. o. i~i. 5 ^maw^u^,, nmMMW-om&mzm 
e>j;e>ic, sio 2 , m 2 o 3 , zro 2 , t i o 2 ^<Dmm&<D&mmzn 

[0 0 4 6] 

p«*i£n«ite. Iftttifti? ®-^©±stc p ii^, mis<D 

S§-£\ n«1S£. nMM^^#^©PH§l5C0 2o3Z.li4o{C^LT^B:<, 

So 

[0 0 4 7] 

[0 0 4 8] 

Av7tM3 £. ltd Ga i Al 1 _ i N ( 0 < i 25 1 ) ^^Slftftf 

s r a ic «fc y A y 7 r JV ±»c«* $ -&s Sfl;«¥aM*©rafttt# fo_tf s „ a y 

7 7«©IH*tt, $?£L<&0. 002-0. 5 /tm, J: »J U < 0 . 00 
5~0. 2 Am, $ «biC#?ii L < l±0. 01~0. 0 2/imtfe5, A'y7 7l 
©J^MStt, ^tl<ii2 0 0 r 9 0 0 o C, <k^$b<tt4 0 0~8 0 01C 
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[0 0 4 9] 

#*L<1±5 yctmJ^J:, 2 & (C^^ U < 1 0 # m^±T*&£o ^S^S 
M<Df&&Um\*. 900-1 100 "C, £?3;L<tel05 0°CJ^JtT-&£ o 
[0 0 5 0] 
(nl^77 FJf) 

V%#, Al jGa^j N (0<j<0. 3) £W*LV\ 0 IZ1T\ ZbiZftt. 
h<it. 0. l<j<0. 2t'SS 0 nS^7 7 FJf <«ffte4#tCPg££*l3=& 
©-e&&^#\ #£U<«0. 01-0. l#m, J; U^i; L<«0. 03 — 0 

tf)-e&&V^, ^l<lilXl0 17 ~lXl 0 2 0 /cm 3 , J: L< 
«1X10 18 -1X10 1 9 /cm 3 T'&3„ #!i!BJ!tCfc^Tte, 

SSglOilWC&'J, -e©«^«l ^m-1 0 fim, j:^* 
L < & 1 /* m~ 5/iini:tS 0 
[0 0 5 1] 

^Wlzm^Zfe&M 6te, 4>&<£*k A1 a In b Ga l-a-b N (0 
^ a ^ 1 , OSb^l, a + b^l) fribf&ZRFimt. Al c In d Ga 1 _ 
c _ d N (OSc^l, OSdSl, c + d < 1 ) #Mbf&£|^MJS£> 

A1 a In b Ga l-a-b N (0 < a ^ 1 , 0 < b ^ 1 , a + b < 1 ) t.. A 
1 c I n d G a 1 _ c _ d N ( 0< c ^ 1, OSd^l, c + d<l) tfeS. 
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[0 0 5 2] 
[0 0 5 3] 

mmm<Di&r zmzzttfT^Zo ttprnmizft t l < a i js&ji 4 ott- & *; 

[0054] 

-&£2>Md A 1 I n G a N©4 AI^T'^ltW^^ < ^5 

1 o 1 6 /c m 3 MTtm^mz^mm*^&tz^#Fim£-tz>z. 

o 

[0 0 5 5] 

n^|li5:K-^t5l^ nl«WlX10 18 /cm 3 
J^T5 x 1 0 1 6 / c m 3 M±<DmWT- K-^tS Z. b V*. nM^I« 

i £#-e£5tf)T*> M«^S^V f £<£T 3. #;r 

«^il^^llICfe^VN«/jN$<-t^ z. ttfftt bVN 0 tfFMT-©^^^*: 
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[0 0 5 6] 

^a^$r, ^<t%lxi0 18 /cm 3 gT> L<ltTy K-^XteH 

[0 0 5 7] v 
[0 0 5 8] 

jyfciftlCte, G a N0A> K^^>yyx^M-tfe6lS3 6 5 nm# 
%L<te^*lJ: Um^M:R£#£*><Z)T*&y, 4#tC^3 8 0 nmJ^T<2>#§ 
ft • IgSStf *rtg&A> F*rVV'7^*Jl3?--Zm^Z> : b(Z>V$>Z> 0 Vt&O InG 
a N(D# FJf G aN0A> K^-Y >y ^X*;i,:^--e&£i&:R 3 6 5 n m 

tfi£> #9*1*, ifiSVOnm^fi^ni:, I n«cifc£ 1 %J^T3MSiC 

Mv^ A 1 < ITA> K=*f ^ 7 - & < I, fro In 

z^m2-&2>zznz£v. mmj}mwteftfti>mmx*&^fc.3 8 o nm<DWM® 
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[0 0 5 9] 

#75JfK:fl!v*&;ftS I n A 1 G aN0 4 jciBglCfcttS I nffiJ*J£b 
tt, ^*b<(*0. O20±O. 1JSTF, *y#*L<ttO. 03«±0. 05 
KTT'feS. I n|fij«jtb©TK&0. 0 2&>±ft Z>Z.£.\Z J: y 0. 0 2*i 
©»^lcjfc^^«:»3tS&a|8^«SPJ|^Sar^8^e>4x, S^CO. 0 3&±£-r 

5ii:-e-e©a^ft±t5. *£, ±ph£o. ljgtTfct&ifc-einm 

[0 0 6 0] 

#F?JffCffl VMb*i£ InAl G aN©4jcffl||ICfeJt5A lMitatt 
. &#ftf§ft&£>*3§$g&f#££#)fC&, MS 3 8 0 nm^Tt^S/^ K^r-v y 

*^-Tf*5«fi3 6 5 nmaT©i^i:iiO. 0 5J^_L#$J* LV*„ 
[0 0 6 1 ] 

#^JStf>BIJPtt, fib<iil nmg±3 0nmgT, <fc»J»*U<tt 
2nm«±2 0nm^ £ £ JC# £ b < 3 . 5nm«±2 0 nm^TOS 
. 1 nm j; »J/hS VNii^Mi: LT^^lC^II-Br-r, 3 0 nmi y^t^i: I n 
A 1 G aN©45cillOigift^fiTli?M^Tt5A^T'$5. 
2 nmJK±TfcM£J?tC:*£fct?e>#fc< it«!W*&— JaslKK©JS*«» £*U 2 0 n 

m«TT?tt|g*^l«<o»^&«riWLTl§*fiJt**«^riBi:«iS. £<bfc$|jf:£3. 

[0 0 6 2] 
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&m commit m <&&£.. ft&m±fa<Dmmtfm<te y v f ©±#?.£jg< ^e>T? 

<D#Fj§%±m(D 1 0 nm^TiltSrttfeS, 
[0 0 6 3] 
(KM) 

^0>#^tfKMUTtMK<8KM&®ttT%&^„ #/*JBtc&3:*ifcK 
[0 0 6 4] 

m^mmz k-^-ts*^ f©imm<t^5 x 1 o 1 6 / c m 3 j^_h# 

^It^§, Mill LEDT'lt 5X10 16 /cm 3 K±2X10 18 /c 
m 3 aT/W£ bV^ H»LED^LDt1t 5 X 1 0 1 7 / c m 3 

fiUilxi 0 2 0 /cm 3 JXT, i'J»H<(ilxi0 18 /cm 3 KJ:5x 

[0 0 6 5] 

KSMtCnSg^itt^S: K-^f**^ tSttJBWcof^TCDKMJC K 

-as©Kffi»»Cn^Jttife!& K-^-TSIS^ ffittlWTnSJS 
WtcfflttSftfcKMU: K-y*«£fc##as Lv^. Mill nSIff^&R^. 
Tn#ffi©KSfB n (nttIE0>«8t) (CF-^f§3i:T% m^tfafr^sfttCiS 
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[0 0 6 6] 
[0 0 6 7] 

n m^T^ff ^T'&, iiIttt-«SA 1 c I n d Ga 2 _ c _ d N (0<c 
£1, O^d^l, c + d<l) T*mt>£ftZ>A 1 I nGaN(D4» Xtt 
AlGaN©35cili5:ffl^l.3i:*WtbV\ WM© A 1 jfijERJt c #^ 
Jf©Al*BJ*Jfc a J: c>ai:bT, $rFMHmgtM£G>mK-\-&tii 

(d>0) , Inffl^itdtiO. «fc»J»*L<ttO. 05«Tt'^^. 

I njfi/fcjfc d # 0 . UIxSL f£J|l$lCA 1 i: I n£<DRj&tf&mZM££k 
&&Mi£lsT &&&&&&&& ftte^fc&>'V3b&. InlMd^O. 0 5gT 

o 

[0 0 6 8] 
[0 0 6 9] 

KMOMtt, #*U<tt#^Jf©»^hW«tCl nm«±3 0 n mJ^T. 
«fc *J»* L<tt2 nmg±2 0 nm^TtfeS, 1 nm«fc y /Jn 3 V* jR# 
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[0 0 7 0] 

feZtl&^fiK Al k G ai _ k N (0£k<l) ^fflV^e>t^, #(CAl k Ga 
x _ k N (0<k<0. 4) #£?£LV^ Z\ZX% <fc'J£?£L<&, 0. 1 5< 
k<0. 3T*&£ 0 p^7>y KJftf>mJlEtt#JC|$Ij£3;fi;&V^ £?£L<1±0 

. 01—0. 15/iin, <fc l/<«:0. 04~0. 08/tmt^§ o pii? 

v y km© p m*m®>mmi,t. ixio 18 -ixio 21 /cml 1x10 

1 9 ~5 X 1 0 2 0 cm 3 X&Z>. pM^»^S^±IH©|gH{Cfe§i:, *£& 
[0 0 7 1 ] 

±SH©A 1 k G a x _ k Nil, ^-tlJ: »J Ay 

jv^-(D^^mtLxit. nmt^v Fmnmintmrnic. in 1 Ga 1 _ 1 

N (05SK1) , Al m Ga 1 _ m N (OSm<l, m> 1 ) #¥Wr&ft*. 
filOOA^T, «fc L< tt7 0 Ajt^T, $^tc&il<«l 0-4 OAi: 

[0 0 7 2] 
(Pl3>^ hjg) 
pgn:/** h« 8Ji, Al f Ga 1-f N (OSf <1) #/Bv\£*u #}C 



2 4 
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, Al f Ga 1 _ f N (0<f <0. 3) T'^-t 5 Z H lC«k »J tf- V t^U 
9i:MW-v^n>^ h#«Tffifcfc5. pS^IItti x l o 1 7 
/c m 3 JEU:##* 0v> o 
[0 0 7 3] 

Pln>^ hifSli, ttttSIIt'pi!MISM<> fro, 
Al<Z)«BftJt^/hS<«!*IB*4gB!S:*i-6ii:*«#*L^. r *M£J 

Mfeii^n < a i Mj:b©fiv^ 1 0 p > ^ ^ bmn. vM^mmmmtf 

©pSn>^ hJSlCJ: *J&#&;*--^ y 3|2tf>pM=i>#? 
[0 0 7 4] 

Hi 0pS3>^^ M®Mtt, Al g Ga | _ g N (0^g<0. 05) 
ifift*L<* J: U<tegfr, 0<g<0. 01X^5. Aim^it^±IH 

Bi<iiixio 19 ~ixio 22 /cm 3 , J:*;»*u< 

li5X 1 0 2 0 ~5Xl0 21 /cm 3 t'fea„ Hi ©pia>^ hM 

<Z)0EJ?li, ^il<ttlOO~5 0 0A, i^$L<ttl50~3 0 0 AT-& 

[0 0 7 5] 

H2£»pM=i>#? hJB©jfij*tt, Al h G ai _ h N (0^h<0. 
1) fr«F*U<, J: »J#*L<tehfr, 0. l<h<0. 05f*S. A1IM 

OpSn>^ h»©PlS^ie®««tt, ^KlilxiO 2 °/em 3 WT 
, J:U^^L<ti5X10 18 -5X10 1 9 /cm 3 m H 2 tf> p 

bmnmmiz. ^*i<ti4oo~i 200A, j:»j»*u<tt8 0 

0—1 2 0 0At*S. 
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[0 0 7 6] 

fit>tiz>? v --yymmte£<Dj:nT% mm^i 5 o°c~3 5 o°c (Dm^tut) 

[0 0 7 7] 

m-t&mt. LT nmyfUMZ F - ^ I fel l © n SI jtf f W t , fffSEffll 

^UfeH2(7)nMMft^^^#:«(7), < £ % 2 jg ^M^^> 0 ^tl^tUDftt. 

cm 3 ^_t, lX 1 0 2 0 /cm 3 «T, »2CDnSSfbt^I*«l XI 0 



2 6 
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^/cm 3 ^, 3X10 18 /cm 3 m tiU<tt7> K-^Tftfi. -e 

il©!^*^!-?, 1. 5 a m~ 1 0 a m, ifJ^KSUm-S^mi: 
i"^ 0 #JCflflgfC «fcSJ|fc£jB«± 0. 5 (i m"T?&5fc#), 4>& < £ 1 # raj^±« 

#ttS:lt»^«*S«©«ff««^5!-e, #*1,<W:0. l^mJBU:, 1. 5 * m 
[0 0 7 8] 

immmi 
mmm 1 . 

^ffilltbt, ^77^t (C®) J: UfcSI&R&fl!^, MOCVDSJS 
£S&WtC;fcV*TzK3lt#H£C#, 10 5 Ott'SI©^ U-~>^S:^fofeo 
[0 0 7 9] 

;i/^U^A) £MV\ It±ICGaNJ:y&S;1-/77l2$:|Sl2 OOA0H 
[0 0 8 0] 

WfifiR*Ji : A^7TJija*|ft, TMG©<^£it#)T, 11$: 1 0 5 0 °C * T'_t 
#3*, 1 0 5 0*CtC&o£fD. MMtfXtCTMG, 7>^-y£MV\ T > K 
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[0 0 8 1] 

(nS^7-y KM) 

#ClC, 1 0 5 0rt'TMG, TM A, $/9>&tfV\ S i £ 5 X 

10 17 /cm 3 F-^ltniAl 0i l8 Ga 0. 82 NJ:lJ)5;Sn ^^ 
y KM 5 8:4 0 OAOK^/aife. 

[0 0 8 2] 
(iSttM) 

#C*C, 8 0 0°C(Cl/T> MMtf^UC TM I ( h y ;* *J14 > *?V A) , 

TMG, TMA$:fflVV SiK-^OAl 0 _ i Ga 0 . g N «fc »J «i«|»MM, 
t©±Cr>MOIn 0i 03 A1 0. 02 Ga 0. g 5 N J: »J **#J3M 

»*M(D/^M®/Wfl6M©/#FM®/l»*M<I)<D«K:aiMLfe. 
B#, K£MMG>&2 0 OA, |^MJS(D£:(D£4 0 A, #^Jf® ^©5: 7 0 A©MJ? 
"C^Lfc. ?SffiMtt, ilfHl4 2 0 AcD#S*^#^«5t (MQW) 

□ 

[0 0 8 3] 

(pS?7>y KM) 

#ClC, *3R#H^Ef», 1 0 5 0°CT*TMG, TMA, T^^E-T, Cp £ Mg 
(i/^D^^^yx-^ni/^A) £fflv\ M g & 1 x l 0 2 0 / c m 3 K 
~^ bfeA1 0. 2 Ga 0. 8 N * Pl^5<y KM 7 & 6 0 0 AOJRMT? 

[0 0 8 4] 

(pSh>^^ hM) 

IftV^T, pS^7-!/Kf±lC, TMG, TMA, Ty^ — T. CpgMglffi 
VMT, MgSlXl 0 1 Vcm 3 K-^bfcAl 0 _ 0 4 Ga 0. 96 N ^ 

i&iILTMg5:2X10 21 /cm 3 K-^bfcAl 0> 01 Ga 0 99 
NJ:y*S»2©pai3>4rir hM%0. 0 2 # m©KMT?JiMiS-&fc. 
[0 0 8 5] 



2 8 
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j&jm&t^, mm^mtp. y^^zRmm^puz&^T, 7oo°ct*t--u 

[0 0 8 6] 

I5:Il2 0 0 0At«ltptl^lt -£<Z)^, ^ y ? T--JI & 6 

ooictifom p*^^©^mBic^f$©^iis i o 2 zmmo. 3 

[0 0 8 7] 

&{C, pW§C7)±{C, Ni-Pt-Au-Sn-Au(iD#IU, ff2 00 
0A-3000A-3000A-30000A-1000 AT-^SLfco ''T' 
T% Nili^«Jf> Pt«A'JTJS, S nteJgl tf>#II,^Jg> fttPttS 

[0 0 8 8] 

(m2CD^ji) 

^ LT> TO2 0 0 /tmt% Cu3O%i:W7O%0l^ 
^^^^-S^MS^^fflVN, -^©^M»^©^®{C, T i fr^-S^M, Pt 
fr<bJ&£Ay Tjf, -€'L/TAu^6^'g>||2 (D&^HiJ&ffiM £:> ^CDJiRl?, Mi? 2 
000A-3000A-1200 0A«Lfc o 
[0 0 8 9] 

[0 0 9 0] 

7* {c. mm-vtmrn. * ma? l t=. m^m mmik & e> ii ic j: o x -9- 7 7 << r mm * 
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[0091]. 
(nil) 

mz, nm^y*? bm±iz. t i -a i -t i -p t -au^^#h 

MJ»:i 00A-2500A-1000A-2000A-600 OAt'M 

hxnmmtLt=. 0 ^t(D^ mm&mmz i o o n mitiiim 

^©a®tCp«^M©^^ Ftli IT, T i - P t - Au^^^-5#JgMS: 1 
0 0 0A-2 0 0 0A- 3 0 0 0Atiibfc G 7&{C, >> > ^ tC J; »J ift^- £ 

[0 0 9 2] 

#£*l£L E DJH^&, t>fX^lmmXlmmf$'J, JW^IoJ*^ 2 0 m A 
iCfc^T, 3 7 3 nm0Mi*SiU ffi;fr&4. 2mW, V f It 3 . 4 7V 

[0 0 9 3] 

JHWJ2. 

[0 0 9 4] 

*f®*^, t^2 4 8 nm©Kr FxJpi/7l/-if$:ffl^t, ffi*6 0 0 J/c 
m 2 -£\ 1 mmX 5 0 m mOlt IC I t±IB©S^I^I ^ ^ ^ t > 

[0 0 9 5 ] 

#£>;ft&L E DDt^-tt, mijfonj±2 0 mAJC&VMT, #§^l^-^?^^^3 7 
3nmt'$'J, Vfii3. 4 7V, 5§^ffi;frte4. 2mWTr&o£ 0 ££{C, M 
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[0 0 9 6] 

mmm 3 . 

Mt utYAGmi/fes i o 2 sm-^-r y^mt LTmkm¥m<*m*v> 

[0 0 9 7] 
[0 0 9 8] 

gft&rtfcfcV^jfclR^BHlCtf 1 , 1 0 5 0°CT*3t®tf>? U ^ &?to £o 

[0 0 9 9] 

A^7rM:^V%T, 3iK5&#H&tf», 5 1 0°CT*T>^-T tTMG (h'J^f 
;i/#U*A) &/gV\ S«±tCG a N <fe 7rf2 *ffi2 0 0 AtDjgUSt 

[0 10 0] 



3 1 
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nuf&&m : TMGffl^&wt, 1 o 5 o°c£-e_t 

1 0 5 0°CiC&o£e>, jRJpFjJ/^tCTMG, T^-T^fflVV T> K 

[0101] 

(nS^7>v KJf) 

#CIC, 1 0 5 O'CT'TMG, TMA, T>^-T, ^>£MV\ Si^lX 
10 19 /cm 3 F-yifenSAl 0 _ 3 Ga 0. 7 N * y 9 * F 

[0 10 2] 

CiSttJI) 

#UC, Sfi&S: 9 0 OTCJCLT, Ifif^tCTMI (h'J^f;H>^^A) , 
TMG, TMA&^K S i £ 1 X 1 0 1 9 / c m 3 K- ^ V tc A 1 Q Qg G 
a 0. 9 2 NJ:lJ ^ s M> f©±{C7>F-^0In o l Ga 0 9 Nefc 

A, #^Ji©t®i:<D : S:"eti"?ti8 0 A©RJ**eaMfcLfc. »il®©*r> K 
-^*i:Lfe 0 tgffijgti, 1 7 0 0 A©#II?^fSI (MQW) 

So 

[0103] 
(pS^7>v KM) 

#CtC 7K^#H^*> 1 0 5 0°CT'TMG, TMA. T^^E-T. Cp 2 Mg 

(*/?uKy$px.-)wtr*i/iy J u) M g £ l x l o 2 0 / c m 3 K 

-^lfeAl 0 _ 2 Ga 0. 8 N ^ p ^^^ 4y K*7&3 7 OAcDMffT* 

[0104] 
(pSh>^ NJg) 

3^T, pg^5y KI±IC, TMG, TMA, T>^-T, Cp 2 Mg^f 
Mg5:lX10 19 /cm 3 K-^iai 0i 07 Ga Q 9 3 N J: »J 
&Z>m2 CO p§?3>^ ^ hjf$: 0. 1 mcBffllJS-effrRS-fr, -£tf>^, #*<Z>S5s 
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*£fHHLTMg & 2X10 21 /cm 3 F-^bfcAl 0 07 Ga 0 93 
Niyft5$2©p®3>*^ hJS£0. 02 /tm©IJ|t'^$t^ 
[0 10 5] 

[0 10 6] 

ISrlf 2 0 0 0 IT P Sit Lfc. ^ y * T--;i/ & 6 

ooTCT?ffofe«, p«ffi«^©»m®tcj|!ft*tt©#S6JBls i o 2 3 

[0 10 7] 

#CfC, p*ffi©±ic, Rh— I r-Pt®#SIS:fitfc, 
[0 10 8] 

2 

itttSIt IT, W2 0 0 MD1T', Cu3 0%iW7 0%©l^ 

000A-3000A-12000 AtMLfc. 
[0109] 

t-^tfill:2 5 OICt^l/^ffiLtMffi^Lfc. £*UCJ: 
[0 110] 

M\Sfr*>* tI2 4 8 nm©Kr Fxdpi/7l/-f &M^T, Si}jlj6 0 0 J/c 
m 2 T% b-if^fc 1 mmx 5 0 mm©M[C L/T±fB(Z)^*f®^® > 
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3 Ga 0> 7 N i: (J n S ^ 5 7 tj 2 . 2 /imlg}:^^^ 

[0 111] 

#C&c, nmnyzv hJi±fc, Ti-Al-Ni-Au*^#Iii&i 
fcLTxinmUhfro *<D&, itttlS&lOO/imt-eiltfet, 
&fc<DMmiZpmmm<DAy KtSillt, Ti-Pt-Au-Sn-Au*6 
2000A-3000A-3000A-30000A-1 000A 

[0 112] 

#e>tltLEDim ^X^lmmXlmmt^'J, Jl^fa*^ 2 0 m A 
iC&V\T> 3 6 5 nm0M)t^U ffii;tt2. 4mW, V f & 3 . 6VT* 

[0113] 
6 . 

^MStillT, f77>fir (CS) J:»JJ&S3i«&ja^, MOCVDSJS 
*»WJCfev^T*3R#H^Ctfi, 1 0 5 0°CT^ffi(Z)^ y -n>^^^f ofe Q 
[0 114] 
(Tift*) 

Ay 7T» : iKV^T, *3R#H»tp, 5 1 O'CT'T^^-T^TMG (b'J^f 



3 4 
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[0 115] 

Ay7 7iJ*m TMG<£><^£iL#)T, fiSS: 1 0 5 0 °C £ T?±#S*, 1 

0 5 0°ClC&o&e>, I^XCTMG, T^^E-T, £/^>£MV\ Si#l 
XI 0 1 8 /cm 3 K-ybfenlGaNJ:»J«!5nl3>if^MS5/niiO 

[0 116] 

(nS^7»; KM) 

fj^CtC, 1 0 5 0°C-eTMG, TMA, 7>^-T> S/9>&JSH, S i £ 5 X 
10 17 /cm 3 K-^tfcniAl 0i 18 Ga 0. 8 2 N * U * 5 n ^ 9 
VF15S4 0 0 A©KJ?tf^Lfe. 
[0 117] 

(iSttM) 

#CtC, MS 5: 8 0 O'CICLT, I^XICTMI, TMG> TMASM^, S 

1 K-^CDG aNi^Sifl, -€-©_hJcr> K-^© I nG a N J: *J & -£> # 

^1II2 0 0A, #FM 5:5 0AffiIJ?T«Lfe o vS'ffijitt, »KJWI&7 0 
0A©#li?fF«jg (MQW) 

[0 118] 
(Pl^7>y KM) 

#ClC, 1 0 5 OTCT'TMG, TMA, T>^-T, Cp 2 Mg 

(Z/?n'<>$p3L—;i'?y*i/V2±) £fflv\ Mg^lXl 0 2 0 /cm 3 F 
-^lfcAl 0< 2 Ga 0. 8 N * PS^'V KM 7 & 6 0 0 A©JRj?T* 

[0 119] 
(pMn>#*hJg) 

1 0 2 1 /cm 3 K-^lfcGaNi >J^5pSn>^^ hjff & 0 . 15 n m(D 
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[0 12 0] 

J&SHT^, mmmfflrp. ^i/N^^^HWlCfeVNT, 7 0 0°CT'T--U 
[0121] 

JBI£Ig|J¥2 0 0 0 AV&mLX vmMt Lfc 0 ^ y * T--;i/ & 6 

oort^fci pii^©gajS(ciitt©§lls i o 2 ^IJ?0. 3 

[0 12 2] 

#UC p«ffi©_tlC, Ni-Pt-Au-Sn-Au©«5, 0|j? 2 0 0 
0A-3000A-3 000A-30000A-1 00 0At«lt HT' 
T% N i tt^f I, PttiAUT«> Snii^lC^IMI, ^ITPttS 

[0123] 

#*'(SS^i:LT, I^2 0 0 /tmt% Cu3 0%tW7 0%©^ 

*^^A''J7I, fLTAu^f,M20MM?:, dCDJlRT*> BUS 2 
000A-3000A-1 2000 AT°mf&Lfc 0 
[0124] 

#cic ^i ®^«ii^2©^j»^&^fiBi$i±fe^-e, gH=rma«#£# 

[0 12 5] 
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J/cm 2 T% U-if3££ 1 mmX 5 0 mm£>!§tffttC LT±U<DRttft±M 
[0 12 6] 

nm^>*? bM±lZ, Ti-Al-Ti-Pt-Au^6^5#I« 
*i£> Hi? 100A-2500A-1000A-2000A-6000 At^ 

LTn«^i:ufc 0 *<d&, mm&mmz 1 o o »mt.~zwmi>t=.%L. mm&m 
^(DMmizvmMmftAy pmmn it, t i - p t -au^^^^^jsj^s: i 

000A-2000A-3000 At'il b *»C, #>f 2/ > ^*iC J: U lit^S: 
[0 12 7] 

#£*lfcLED3R-y-li, ^X^lmmXlmmt^'J, WH^foJ*?^ 2 0 m A 
{C&VnT. 4 6 0 nm©f»?:Slfe„ 

[0128] 
l«M 7 . 

ItlTYAGmi^S i O 2 &=2-^ y?mt ItlftW^I?® 

[0 12 9] 
MsM 8 . 

e>(cia}I{:MIi:lTYAGI:^f Its iOg&n-f^^^ItLt 
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[0 13 0] 
Klff 9 . 

^Mlttlt, i^7T-f^ (CM) J:»jas<53&K«:jgv\ MOCVDIJS 
£»l*lCfcV*T;!K3(S#HSC*, 1 0 5 0°CT'3iffi£>? U -->^&lTofc. 
[0131] 

(TtfUI) 

A>y7 7l:^V^t, 7Mt#H^*, 5 1 O-CT'T^^-Tt TMG (hU;*^- 
;i/#U?A) S«_tlCG a N J: y &5 Ay 7 rjf 2 &&T2 0 0 A&mm 

[0 13 2] 

B?SJ*SJi : yrMf&M%i. TMG®^$:±^T, *S>g££ 1 0 5 0 °C * T*± 
1 0 5 0t[:fj;o^6, JBOPMf^tCTMG, T^-T&ja^, T> K 

[0 13 3] 

A, TV^-T&fllK iM^AlGaNl^O. 4 /t m©JRJ?T?JERSS-&fe 

T> h~-:/tf)G aN^P>SiSlXl 0 1 9 / c m 3 K-^bfe 
niAl 0 _ 07 Ga 0. 9 3 N*7?Al©«SJtilS KOK-^-JlilSr^^lC 

[0134] 
(nS^7-y KJf) 

#CtC, 1 0 5 0°Ct?TMG, TMA, Ty=E-T* S/^>&JBV\ Si^lX 
10 19 /cm 3 F-^LfeniAl 0 _ 07 Ga Q> g 3 N J: »J fcS nM* 9 
yKJB5&2. 5^mfflgf«Lfc 
[0 13 5] 



3 8 
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^IC, iSMfc 9 0 0°CiCLT, IMXCTMI ( h 'i ;H , 
TMG, TMASrMVN, S i H X 1 0 1 Vera 3 F-yifeAl Q og G 
a 0. 9 1 N<fc -£(£>_£:{cy> K-y® I n 0 01 Ga 0 gg 

[0 13 6] 

KM) 

#CfC 7fci8#H^f£, 1 0 5 0°C"eTMG, TMA, 7>=E — T, C p 2 M g 
(Z/? uKyz &Mv\ MgHxio 20 /cm 3 F 

-^bfeAl 0 _ 38 Ga 0. 62 N<k,j;5:5pi! ^ 5,yF * 7 ^ 2 7 0A ®^ 
[0 13 7] 

MV>T, Pl^7>v Kjf±iC, TMG, TMA, T>^-y, Cp 2 Mg£M 
^t, Mg|;4X10 18 /cni 3 F-^tfeAl 0i 07 Ga 0 9 3 N * y 

i?:IlLtMgUxiO 2O /cm 3 K-^LfcAl 0i 07 Ga 0 93 
NJ:'J&5i2fflpl3>^? hMS:0. 0 2 n m©mj¥T^S$itfeo 
[0138] 

^«^T^, M#B^ ^x/N^M^HftfC^T, 7 0 0°CT*7--U 
[0 13 9] 

cm i ©ste* ) 

I?:If2 0 0 0AtMltpftiiLfe„ ^ y * T--;b & 6 

0 OTCTffofeffe, piiM©gffiitcHfiit©§lls i o 2 SIf 0.. 3 
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[0 14 0] 

#CtC, p*«<B_hlC, Rh-I r-Pt®#IIMlfc„ 
[0141] 

(« 2 

iifltilLt, IJ|^2 0 0 /im-e, Cul5%i:W8 5%0l^ 
ttfr&JfcS^JRiSS&JSl^ ^-(D^M««C0^®(C, T i # Pt 

000A-3000A-1 2000 At«tfe. 
[0 14 2] 

[0143] 

MMfr<o> t^2 4 8 nm©Kr Fx^i/7U-if|;Mv>T, ^6 0 0 J/c 
m 2 T% I/— tf3fc& 1 mmX 5 0 mm(Dmmz LT_hgacD,E;*fffi:£K£*= 3 r^> 

ttnSAl 0i 3 Ga 0. 7 Ni yjER * n §^^ FM<D?%Vmmtf2. 2 fim 

[0 14 4] 

(n«ffi) 

#ac, n|3>^ ? hJSJilC, T i - A 1 - N i - Au^f>^5#Iii$:f 

fim mm'ftmfo(Dmmizvmmm<z>rty Ffi^tt, ti-pi-au 
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- S n-Au^^5#I15: 2 0 0 0 A-3 0 0 0A-3 0 0 0 A-3 0 0 0 
0A-10O0AMlfe o #cfc, #V $/>^{Cj: UiH^Sr^JKbfe. n«1§ 

o 

[0 14 5] 

04tt, JK^TlRl«?jBtc*f"r<6ffi«r«JE (Vf) tffi*©3E-fbS:^^«SK (Pu 
1 se) ilBtt^m^ (DC) fclCo^TasLfcfcOT'&S. rol^-tt, 
AMl^5 0 0mA (/\°;i/XifiS2 a s e c, IC&V»T, 3 

6 5nm©M)t^U ffi^li 1 1 8 mW, SB»«ffi4. 9 V, *MS$*^-8fr 
^6. 9%T% $ ^tCgffiTfiaSMSg 5 0 0 mACfc^T, 3 6 5 nm©M 
ftfc^U fflifrttl 0 OmW, j§gffr«EE4. 6 V, #as*^8&SS 5 . 9%T*feo 

[0 14 6] 
Jt*« 1 . 

^MStilbt, f77^^ (CM) J; U &£3t;|K : &Mvv MOCVDSfS 
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